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Abstract— The paper examines the use of energy storage 
system to improve supply security from wind power generators 
and to make dispatch planning from the generators possible. 
Firstly wind power is segregated into components through the 
application of filters designed from the application of empirical 
mode decomposition. Buffering of the high- and mid-frequency 
components of the wind power is effected through the use of 
battery-supercapacitor banks. Furthermore the low-frequency 
components of the wind power are used in conjunction with 
pumped-hydroelectric storage system to realize short-term 
dispatch planning. The proposed method is illustrated using data 
of an existing wind farm.  
Keywords— Wind power, power smoothing, dispatch 
planning, empirical mode decomposition, filters, battery-
supercapacitor hybrid energy storage, pumped hydroelectric 
storage. 
I. INTRODUCTION  
     Fluctuations in wind power may lead to unacceptable 
degradation in system security. For this reason, maximum 
allowable ramp rates in the output power of wind farms have 
been stipulated in modern grid interconnection documents. 
The stipulation is required because the traditional method to 
mitigate the negative impact of the perturbing power is by 
applying regulating actions of other on-line conventional 
generators. However, the practice is expensive. Unless other 
viable techniques to smoothen the fluctuations are found, this 
issue can be one major impediment to the successful large-
scale integration of wind power generation into grid systems. 
The use of energy storage system (ESS) is one such 
possible technique. In the attempt to prevent the perturbing 
power components from being injected directly into the 
external grid system, power flows control has to be carried out 
at the terminals of wind farms. This can be achieved by ESS 
of suitable specific energy and power densities, and of 
adequate dynamic response ability. It is impractical to rely on 
one particular type of ESS to buffer the power perturbations 
emanating from a typical wind farm. Indeed, among the 
various types of ESS, supercapacitors (SC) have relatively 
high power density but its energy density is comparatively 
low. In contrast, battery energy storage systems (BESS) have 
higher energy density but lower power density. If only the 
BESS were to be used to buffer the fluctuating wind power, 
the batteries will undergo more frequent charge/discharge sub-
cycles when dealing with high-frequency wind power 
components. The BESS useful life can be adversely reduced. 
On the other hand, if the SC were to be the only storage 
medium, its energy storage capacity would be such that the SC 
ESS is unlikely to be economically viable. In view of the 
above, active research attention has been directed toward the 
design of battery-supercapacitor hybrid energy storage system 
(BSHESS) suitable for undertaking the wind power smoothing 
task [1 - 5]. The authors of these references had utilized 
filtering schemes to segregate wind power into high- and low-
frequency components. Unfortunately, it is unclear how the 
filters were designed. The impact of the filter on the 
performance of the power smoothing task was also left 
unanswered. Instead, the authors of [5] have concluded that 
the choice of the time constant of the low-pass filter used in 
their scheme is a matter of trade-offs between the battery life-
time, SC capacity, among other considerations. The inter-
relationship between the filter design and the trade-offs has yet 
to be quantitatively studied.  
The focus of the present work is also on the design of the 
ESS for power smoothing at wind farm level as well as in 
dispatch planning for aggregate of wind farms. Dispatch 
planning is aimed at maximizing the export of the harnessed 
wind energy so as to displace non-renewable generation. In 
this connection, the ESS scheme is shown in Section II and it 
incorporates high-pass filter (HPF), band-pass filter (BPF) and 
low-pass filter (LPF). The HPF has the task of diverting the 
flows of the high-frequency components of the wind power to 
the SC, the BPF routes the mid-frequency components of the 
wind power to the BESS, while the LPF diverts the low-
frequency wind power components to a pumped hydro-electric 
storage system (PHS). The method to determine the cutoff 
frequencies of the filters is described in Section III. It is based 
on the developed concept of minimum overlap energy, and its 
application to the results of empirical mode decomposition of 
the wind power. In this way, the design of the filters is 
founded on a more credible theoretical basis than that given in 
[3-5]. With the wind power perturbations segregated into the 
low-, mid- and high-frequency groups, potential coupling in 
 
the buffering actions between the BESS and SC and that 
between the BESS and PHS shall be kept to the minimum. 
This unique feature of the proposed filter design is yet to be 
seen in the literature. Effectiveness of the proposed design 
technique is then demonstrated in Section IV using data 
obtained from an existing wind farm. 
II. CONCEPTUAL DESIGN OF THE HIERARCHICAL ESS SCHEME 
    As stated in the previous section, the objective of the 
present work is to devise an ESS scheme so as to smoothen 
and to overcome the issue of the non-dispatchability of the 
wind power. To set the scene for such a study, consider a large 
geographical area containing n groups of WTG. Each group of 
the WTG is assumed to have the typical capacity of up to 100 
MW. The groups are interconnected to a large transmission-
distribution (T&D) grid system, as shown in Figure 1. Within 
the area, it is also assumed there is ample water resource to 
support a large-scale pumped-hydroelectric energy storage 
system (PHS).  
   The n groups of the WTG are dispersed within the area, with 
the result that the harnessed wind powers Pw,i(t), i = 1, …n 
will not be perfectly correlated. Notwithstanding the fact that 
the so-called spatial smoothing effect [6] applies and the 
stochastic nature in the aggregated wind power ∑ Pw,i(t) will 
be reduced, the direct injection of Pw,i(t) into the grid system 
would induce unacceptable variations in the network voltage 
and/or frequency. Hence, in the proposed hierarchical ESS 
scheme, Figure 1 shows the inclusion of a battery-
supercapacitor hybrid energy storage scheme (BSHESS). The 
BSHESS is installed at the group level of the WTG such that 
the net output wind power PL,i(t) of group i is much smoother 
than that seen in Pw,i(t). Next, it is reasonable to expect the 
aggregated power contribution from the n groups of the WTG 
would be much larger than 100 MW and PL(t) would still be 
perturbing, notwithstanding the smoothing action by the 
BSHESS. Hence, the inclusion of the high-energy capacity 
PHS is to provide another level of power flows control. 
Indeed, the function of the PHS is to allow the planning ahead 
of the net export power, denoted as Pg(t), to the grid. This 
dispatch plan is in the form of bids at interval of ΔT and up to 
24-hour ahead. Typically ΔT is between 15 – 60 min. 
   Next consider the power flows shown in Figure 1. Within 
the WTG group i, Pw,i(t) denotes the aggregated output power 
from all the WTG within the group. Also shown is an 
equivalent power conditioning unit (PCU). The function of the 
PCU is well-described in [7] and shall not be elaborated here. 
The BSHESS, composed of BESS and SC, is to smooth the 
net power flows PL,i(t). As detailed in [8, 9], the BESS acts to 
buffer the mid-frequency variations of the wind power while 
the SC performs to remove the high-frequency wind power 
perturbations. This is done by adjusting PS,i(t) and PB,i(t), the 
output powers of the SC and BESS respectively. 
  After the high- and mid-frequency components of the wind 
power have been smoothed out by the BSHESS, only the low-
frequency wind power PL(t) remains. Through a power flows 
control strategy, details of which is described in Chapter 5 of 
[8], dispatch planning of the wind power alluded to earlier can 
be realized by regulating PP(t), the power flows to the PHS. 
Thus Pg(t) is the net dispatched power from the combined 
WTG-BSHESS-PHS. The arrows in the figure indicate the 
assumed positive direction of the power flows.  
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(b) 
Figure 1. A conceptual large-scale wind power generation scheme 
incorporated with BSHESS for power smoothing and the PHS for power 
dispatch: (a) power section; (b) control section. 
 
  Accordingly,  
 
        Pw,i(t) = PS,i(t) + PB,i(t) + PL,i(t)     (1) 
          PL(t) = ∑ PL,i(t),  i = 1, …,n      (2)  
PL(t) = Pg(t) + PP(t)            (3) 
 
  Fig. 1(b) shows the corresponding power flows control loop 
of the scheme. It shows that the signal corresponding to the 
wind power is filtered to yield the high-, mid- and low-
frequency components. The HPF contains the passband f ≥ fu 
where fu is the filter cutoff frequency. The HPF only allows 
components in Pw,i(t) which have frequencies higher than fu to 
pass through. Concurrently, the BPF has the lower and upper 
cutoff frequencies fl and fu respectively and the LPF contains 
the passband 0≤ f ≤ fl where fl is the filter cutoff frequency. 
The functions of the HPF, BPF and LPF are complementary. 
The output signals PS ref, i(t) and PB ref, i(t) constitute the 
reference signals for the PCU of the SC and BESS in the 
BSHESS of the ith WTG group so that the output powers of the 
SC and BESS are to track PS ref, i(t) and PB ref, i(t). Thus the SC 
and BESS act as buffers to the high- and mid-frequency 
components of Pw,i(t). Similarly, the low-frequency wind 
power components of the group PL,i(t) are obtained at the 
output of the LPF. As shown in the figure, the summated 
signal ∑PL,i(t) then forms the control input to the PHS power 
flows control strategy described in [8] where the dispatch 
planning of the large-scale wind generation is discussed.  
III. DESIGN OF FILTERS AND DISPATCH PLANNING PROCEDURE 
   The above paragraphs have outlined the concept behind the 
design of the hierarchical ESS scheme. However, an important 
aspect of the design remains unanswered; pertaining to the 
precise manner on how the values of filters’ cut-off 
frequencies fu and fl are to be determined. Indeed, the authors 
are unaware of any reported rigorous analysis relating to the 
determination of the filters’ cutoff frequencies to achieve wind 
power smoothing and power dispatch. Another important issue 
is concerning the design of the short-term dispatch plan for the 
wind power. Accordingly, they are the focus of this section.  
   In the following procedure to design the filters, it is assumed 
long-term historical data on Pw(t) is available over a period Ts. 
The subscript i to denote the ith WTG group has been omitted 
as the following analysis is applicable to all the WTG groups. 
A. Relationship between wind power intrinsic mode functions 
and power dispatch planning  
   The proposed approach to determine the filters’ cutoff 
frequencies requires the application of the empirical mode 
decomposition (EMD) technique. EMD allows any data set to 
be decomposed into a number of implicit mode functions 
(IMFs) ci(t) and a mean trend or residue rn(t). The IMFs 
represent the oscillation modes embedded in the data set while 
the residue indicates the trend [10].  
  EMD would be a suitable tool to analyze Pw(t) produced by 
the non-stationary wind resource. For example, Figure 2(a) 
shows the results obtained following the decomposition of a 
sample of the wind power data Pw(t) measured at an existing 
wind farm. ci(t), i = 1, g, k, m, are four IMFs where 1<g<k<m. 
The wave-profile of each of the IMFs is a deviation from the 
simple sinusoidal form: The IMFs are both amplitude- and 
frequency-modulated, and are non-stationary. Note that as the 
order i of the IMF increases, the fluctuations in ci(t) become 
slower. Even within each ci(t), its frequency varies with time. 
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Figure 2. (a) A sample of IMFs ci(t) and residue rn(t) obtained from the 
decomposition of the wind power Pw(t) using EMD; (b) The change of energy 
level ΔEi contained in ci(t) and rn(t).   
   An interesting analysis is to examine the corresponding 
change in the energy level ΔEi(t) contained in ci(t) and rn(t) 
obtained by integrating these functions with respect to time. 
These are shown in Figure 2(b): the fluctuating ΔEi(t) 
indicates an oscillating energy level contained in ci(t). ΔE1(t) 
and ΔEg(t) in Figure 2(b) are examples of those ΔEi(t) which 
show insignificant net change in the energy contained in the 
wind power components c1(t) and cg(t) over the dispatch bid 
interval ΔT referred to in Section II, provided ΔT is large 
compared to the periods of oscillations in c1(t) and cg(t). Thus 
c1(t) and cg(t) do not need to be considered in the dispatch 
planning as they would not contribute to any significant 
amount to the net change of energy over the interval ΔT. 
Instead, these fluctuating ci(t) have to be smoothed out in 
order to maintain acceptable power supply quality. 
Conversely, of the remaining ci(t) in which its ΔEi(t) can be 
significant over ΔT, these lower-frequency components of 
Pw(t) would need to be taken into consideration in the dispatch 
planning. In Figure 2(b), ck(t) and cm(t) are examples of these 
components. Another interesting point is the behavior of the 
residue function rn(t) in which the change in its energy level 
ΔEr(t) is shown to increase with time: this is hardly surprising 
as rn(t) is a monotonic function. Hence, the low-frequency ci(t) 
and rn(t) are relevant in the dispatch planning. 
B. Filters’ cut-off frequencies  
  The method to determine the cutoff frequencies of the HPF, 
BPF and LPF shall be described. Firstly the frequency-time 
profile fac,i(t) of ci(t) is obtained using the method described in 
[8, 9]. An example of fac,i(t) obtained for ci(t), i = 1, g and m is 
shown in Figure III. In this instance, again 1<g<m. The curves 
are layered distributed: i.e., fac,i(t) of lower order ci has higher 
frequency and is shown in the upper layer. As the order i 
increases, its corresponding cycle frequency fac,i(t) will reside 
in the lower layers because from c1(t) to cm(t), the IMFs vary 
from fast to slower oscillations, as explained earlier. 
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Figure III. Typical plots of the cycle frequency fac,i(t) of IMFs, their 
segregation into the upper or high-frequency, mid-frequency and low-
frequency layers by the specification of the upper and lower cutoff 
frequencies of BPF. 
 
  Recall that working in conjunction with the HPF, the SC is to 
act as an energy buffer to smooth out the high-frequency wind 
power fluctuations while the BESS and the BPF are to reduce 
mid-frequency wind power perturbations. The low-frequency 
wind power components and residue are to be used for 
dispatch planning purpose by utilizing the LPF and the PHS. 
In view of this, it is next proposed to segregate the cycle 
frequencies fac,i(t), i = 1,…, n into three domains. This is 
achieved by the specification of the upper and lower cutoff 
frequencies fu and fl, as reflected by the inclusion of the two 
cutoff frequencies in Figure III The key point in the 
specification of fu and fl is to ensure that ideally, the 
segregation has resulted in the IMFs being divided into the 
high-frequency IMFs, the mid-frequency IMFs and the low-
frequency IMFs. As SC are amenable to buffer high-frequency 
power perturbations, the high-frequency IMFs with fac,i(t) > fu 
shall be dealt with by the charging-discharging actions of the 
SC. Conversely, as BESS would be more suited to buffer the 
mid-frequency power perturbations. Thus the mid-frequency 
IMFs shall be handled by the BESS. In addition, the low-
frequency IMFs with fac,i(t) < fl and the residue function 
buffered by the PHS will be used for the planning of the 
power dispatch. This desirable outcome is reflected in Figure 
III where it is shown that the high-frequency and the mid-
frequency bands of the IMFs are to be dealt with by the SC 
and BESS respectively while the low-frequency IMFs is to be 
buffered by the PHS. 
  While the setting of the cutoff frequencies described in the 
previous section appears attractive, unfortunately in practice, it 
is generally not possible to determine the ideal set of values 
for fu and fl such that the three groups of IMFs can be 
completely decoupled over the whole study period TS. This 
less-than ideal situation can be readily demonstrated by 
examining 4(a) shows the cycle frequencies corresponding to 
the two consecutive IMFs cj(t) and cj+1(t) shown in 4(b) and 
4(c). It is seen that by positioning fu as shown in 4(a), the 
sectors ab and cd of fac,j(t) are below fu whereas the sectors ef 
and gh of fac,j+1(t) are above fu. Hence, the choice of such a 
value for fu would be less than ideal as over the instances ab 
and cd, the SC would not be providing the buffering action as 
the HPF would not allow those parts of cj(t) corresponding to 
these instances to pass through. The BESS shall be called 
upon to perform the buffering function instead. Hence, one 
cannot ignore the actions of the BESS over these overlapping 
instances ab and cd. These and similar overlapping incidents 
would complicate the design of the BSHESS because one 
cannot assume the complete decoupling between the buffering 
actions of the SC and the BESS at all time in TS. 
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Figure 4. Determination of fu using the minimum overlap energy method: (a) 
fac,j(t) and fac,j+1(t), (b) cj(t), and (c) cj+1(t). 
 
  In [8, 9], the authors have attempted to find the set of fl and fu 
which would lead to the so-called minimum overlap energy 
condition between the SC and BESS and between the BESS 
and PHS. The meaning of minimum overlap energy is now 
explained, again using Fig. 4. In the figure, suppose the choice 
of fu is such that the perturbations represented by the IMF cj(t) 
are to be smoothened by the SC while those in cj+1(t) are to be 
buffered by the BESS. Firstly, examine the intervals ab and cd 
in which fac,j(t) of cj(t) is lower than fu. Therefore, the energy 
contained in cj(t) over these instances would correspond to the 
shaded areas E1,…,E4 under that segments of cj(t) labeled as 
a1a2a3 and a4a5. The energies will now be compensated by the 
charging or discharging actions of the BESS instead of, as 
intended, by the SC. By the same reasoning, one can also 
conclude that the energies corresponding to the areas E5,…,E8 
are now being dealt with by the charging or discharging of the 
SC instead of by the BESS. One can evaluate the total amount 
of the overlap energy Eo contained in all the shaded areas over 
TS, i.e. Eo = Σ |Ei|. Eo is the total amount of energy pertaining 
to the un-intended, and un-desirable, cross-coupling charging 
and discharging actions of the SC and BESS. Eo is a measure 
of the degree of the cross-coupling between the SC and BESS. 
Clearly one could adjust the cutoff frequency fu so that the 
corresponding Eo is minimum. This shall be the minimum 
overlap energy condition when there is the least amount of 
cross-coupling between the SC and the BESS over TS.   
  Based on the above reasoning, [8, 9] have developed a 
computational procedure to determine fl and fu for which 
minimum overlap energy condition exist between the BESS 
and PHS, and between the BESS and PHS.  
C. Dispatch Planning 
  Next consider the issue of dispatch planning. As shown in 
Fig. 1, the LPF generates from the n groups of WTG the low-
frequency wind power components PL,i(t). Summation of 
PL,i(t) yield the corresponding low-frequency component 
signal PL(t). Fig. 5 shows a sample of the aggregated wind 
power Pw(t) = ∑Pw,i(t) and its corresponding PL(t). Thus PL(t) 
can be generated and it forms the input to the dispatch 
planning control loop of Fig. 6. The schematic diagram shows 
a large-scale wind power generation-PHS scheme.  
  For the present investigation into dispatch planning, the 
market rules adopted are as follows. Dispatch planning is to 
allow the wind generation operator to commit the harnessed 
power to the grid. Typically made a day ahead, the dispatch 
commitments consist of power bids specified at regular 
interval ΔT, as alluded to earlier. The operator may revise and 
re-submit the bids once every s hours but the operator must 
maintain the dispatch at the pre-determined bid levels for the 
immediate m hours from the instance of bids re-submission. 
Hence, the operator would be allowed to revise its dispatch 
schedule for the period beyond the mth hour from the time of 
re-submitting the revised bid schedule. Typically, s = 1 and m 
= 2. Since the dispatch planning involves the commitment of 
the wind farms output power several hours ahead, it calls for 
the need to forecast PL(t). In [8] and as shown in Fig 6, ANN 
model has been adopted to produce short-term forecast PL,f(t) 
of PL(t). As PL(t) shall only contain the low-frequency 
components of Pw(t) which have periods much longer than s, 
the forecasted PL(t) is not expected to be much different from 
that predicted s hours earlier. Hence, over each updating 
period s, it will be a much easier task to obtain accurate 
forecast of PL(t) for the short-term dispatch planning. This is 
in comparison to the approach shown in [11] in which the 
whole Pw(t) has to be forecasted.  
 It will be instructive to examine more closely the 
characteristics of PL(t), as example of which is shown in Fig. 
5. As can be seen, the fluctuating PL(t) assumes positive 
values in most instances although there are isolated instances 
of negative PL(t). Hence, the area under the positive portion of 
PL(t), which corresponds to the situation of energy export from 
the wind generators, is larger than that under the negative 
portion of PL(t): the aggregated wind generation is a net 
exporter of energy. This is as expected. Indeed, in the absence 
of the PHS and for those instances when PL,f(t) is positive and 
with the intent to maximize the displacement of the non-
renewable generation in the grid, one could even treat PL,f(t) as 
the short-term wind generation dispatch bids committed to the 
grid, provided PL,f(t) can meet with the smoothness criteria as 
stipulated in grid-code. However, the negative portion of 
PL,f(t) would then necessitate power import from the grid 
system. If the imported energy is produced by the burning of 
fossil fuels and since the purpose of introducing the renewable 
source is to reduce the dependency on such conventional 
generation, the importation of power from the grid is deemed 
undesirable. Hence, in this investigation, it is assumed power 
import from the grid is not allowed and the role of the PHS is 
to ensure this does not occur. Hence from Fig. 4 and (3), one 
can obtain the following rule 
 
     Pg(t) = PL(t) - PP(t)         when PL(t) > 0   (4a) 
     Pg(t) = 0                          when PL(t) ≤  0    (4b) 
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Figure 5. (a) A sample of wind power Pw(t); (b) The corresponding PL(t) 
extracted from Pw(t) using the designed LPF. 
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Figure 6. A schematic diagram showing the concept of a large-scale wind 
power scheme with the inclusion of the BSHESS, the PHS and the control 
loop for power dispatch  
  Equation (4) reflects the desired outcome of preventing 
power import from the grid when PL(t) becomes negative by 
setting Pg(t) to zero and the PHS will act as a source and it 
discharges so that PP(t) = PL(t). Thus (4) forms the basis of the 
planning of the dispatch Pg(t). Further details on the charging-
discharging strategy of the PHS, relating to its state-of-charge, 
are contained in [8].  
IV. NUMERICAL EXAMPLE 
  The proposed approach was applied to the design of the ESS 
at an existing wind-farm in Jiangsu Province, China. Wind 
power data Pw(t), recorded between Jan to July 2007 and 
pertaining to the aggregated output power from 8×1.5 MW 
WTGs in the farm, was used in the design. Firstly, the design 
of HPF, BPF and LPF was considered. Based on the outcome 
from the EMD analysis on the recorded Pw(t), it was 
established that suitable settings of fl and fu are 6.74×10-6 Hz 
4.38× 10-4 Hz respectively. The filters were then applied to the 
recorded Pw(t) to examine the performance of the ESS in 
power smoothing and dispatch planning tasks. 
A. Outcome of power smoothing by the designed BSHESS 
  Pw(t), PS(t), PB(t) and the smoothened power PL(t) of the 1st 
week of Jan 2007 are as shown in Fig. 7. As Pw(t) fluctuates, 
the BSHESS acts to buffer the perturbations as indicated by 
the power flows PS(t) and PB(t). As expected, the perturbations 
in PS(t) are more rapid than that in PB(t). Compared with Pw(t), 
PL(t) has become significantly smoother except when the 
perturbations in Pw(t) were so intense over certain periods 
within days 5 and 6 that the BESS and/or the SC had reached 
their respective charging/discharging power limits. The limits 
were set to keep the cost of the BSHESS to a reasonable level. 
The total interval during which the BSHESS was not able to 
smooth Pw(t) is some 1.84% of the time in the week. 
B. Outcome of dispatch planning by the designed PHS 
  Dispatch planning of the wind farm for the last 0.5 months of 
July 2007 was carried out by following the dispatch planning 
strategy described in [8]. The obtained reference signal which 
Pg(t) is to track is as shown in 8(a). The PHS is seen to 
undergo a number of distinct discharging-charging cycles over 
the 0.5-months interval. Although the PHS power PP(t) is seen 
to ramp down relatively abruptly at the end of charging, PP(t) 
is actually controlled such that the ramp up rate in Pg(t) 
complies with the grid code stipulated by the State Grid of 
China. 
V.  CONCLUSIONS 
   This paper proposes a large-scale wind generation-ESS 
scheme, the intention of which is to achieve smoothing and 
dispatch planning of the wind power. Within the ESS, the 
BSHESS is to buffer the mid- and high-frequency wind power 
fluctuations, while the PHS is to deal with the low-frequency 
components of the wind power. The scheme uses filters to 
obtain the high-, mid- and low-frequency wind power 
components. By utilizing the EMD technique and the 
developed concept of minimum overlap energy, a new method 
to determine the cutoff frequencies of the filters is described. 
In this way, the SC, BESS and PHS can maximize the amount 
of energy they can deal with, with the least amount of cross-
coupling actions among the three ESS. With the high- and 
mid-frequency wind power perturbations buffered by the 
BSHESS, the remaining low-frequency oscillating 
components are focused on for dispatch planning. By 
controlling the power flows of the PHS according to the 
developed strategy shown in [8], short-term dispatch planning 
can be achieved.  
  The proposed approach to wind power smoothing and 
dispatch planning has been illustrated using data of an existing 
wind farm. A fruitful future work would be to include the 
power flows control actions of WTG, with the view to 
coordinate the generators’ actions with that of the ESS.  
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Figure 7. An expanded view of 1-week plots of Pw(t), PS(t), PB(t) and PL(t) 
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Figure 8. Outcome of the dispatch planning of the last 0.5 months of July 
2007: (a) PL(t), Pg,ref(t), PP,f(t), PP(t) (all expressed in 12-MW base) and the 
SOC of the PHS; (b) Expanded view of the first 3-day of the plots shown in 
(a). 
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